Objective-To test the feasibility of creating a valid and reliable checklist with the following features: appropriate for assessing both randomised and non-randomised studies; provision of both an overall score for study quality and a profile of scores not only for the quality of reporting, internal validity (bias and confounding) and power, but also for external validity. Design-A pilot version was first developed, based on epidemiological principles, reviews, and existing checklists for randomised studies. Face and content validity were assessed by three experienced reviewers and reliability was determined using two raters assessing 10 randomised and 10 non-randomised studies. Using diVerent raters, the checklist was revised and tested for internal consistency (Kuder-Richardson 20), testretest and inter-rater reliability (Spearman correlation coeYcient and sign rank test; statistics), criterion validity, and respondent burden. Main results-The performance of the checklist improved considerably after revision of a pilot version. The Quality Index had high internal consistency (KR-20: 0.89) as did the subscales apart from external validity (KR-20: 0.54). Test-retest (r 0.88) and inter-rater (r 0.75) reliability of the Quality Index were good. Reliability of the subscales varied from good (bias) to poor (external validity). The Quality Index correlated highly with an existing, established instrument for assessing randomised studies (r 0.90). There was little diVerence between its performance with non-randomised and with randomised studies. Raters took about 20 minutes to assess each paper (range 10 to 45 minutes). Conclusions-This study has shown that it is feasible to develop a checklist that can be used to assess the methodological quality not only of randomised controlled trials but also non-randomised studies. It has also shown that it is possible to produce a checklist that provides a profile of the paper, alerting reviewers to its particular methodological strengths and weaknesses. Further work is required to improve the checklist and the training of raters in the assessment of external validity.
Clinicians are increasingly being encouraged to base their decisions on scientific evidence from systematic reviews and meta-analyses. 1 This is reflected in the establishment of organisations whose primary function is to conduct reviews, such as the Cochrane Collaboration and, in the UK, the NHS Centre for Reviews and Dissemination. Systematic reviews must seek to be comprehensive in terms of the evidence they examine and objective in the way in which the evidence is judged. Generally, such reviews have concentrated exclusively on randomised trials. Indeed, some investigators are of the opinion that non-randomised (or observational) studies should be excluded from all reviews because of the greater diYculties in assessing their methodological quality. However, in many areas of health care few randomised controlled trials exist and most of those that have been done have been poorly executed. 2 3 Whereas at least 25 checklists have been developed that provide a framework for judging the methodological quality of randomised trials, 4 a Medline search from 1990 to January 1997 failed to identify any for the assessment of analytical non-randomised studies (cohort and case-control studies).
Although the design of randomised trials, cohort studies, and case-control studies have fundamental diVerences, in all designs three factors are measured: the intervention, potential confounders, and the outcome. All test to see if there is an association between the intervention and the outcome and aim to minimise flaws in the design that will bias the measurement of an association. The vulnerability of each design to diVerent biases varies but the kind of biases that the study designs seek to exclude are the same.
A second limitation of existing instruments is their lack of sub-scales that provide a profile of the strengths and weaknesses of each methodological concern. This is important because the particular defects of a study determine how it may be interpreted. For example a reader informed that the design has not tackled selection bias may consider whether, in this instance, confounding is likely to be a major problem. Or if the main problem of the study was inadequate power, the reader might choose to place less weight on a null finding.
The third limitation of existing instruments is their exclusion of any consideration of external validity (generalisability). No explanation is oVered as to why this methodological aspect is ignored, beyond a belief that it is of little importance. 5 6 The objective of this study was to test the feasibility of creating a valid and reliable checklist with the following features: appropriate for assessing both randomised and nonrandomised studies; providing both an overall score for study quality and a profile of scores not only for the quality of reporting, internal validity (bias and confounding) and power, but also for external validity.
Methods

DEVELOPMENT OF A PILOT VERSION
A pilot version of the checklist was developed based on epidemiological principles, reviews of study designs, [7] [8] [9] and existing checklists for the assessment of randomised controlled trials. 4 10-15 The pilot checklist consisted of 26 items distributed between five sub-scales:
(1) Reporting (9 items)-which assessed whether the information provided in the paper was suYcient to allow a reader to make an unbiased assessment of the findings of the study.
(2) External validity (3 items)-which addressed the extent to which the findings from the study could be generalised to the population from which the study subjects were derived.
(3) Bias (7 items)-which addressed biases in the measurement of the intervention and the outcome.
(4) Confounding (6 items)-which addressed bias in the selection of study subjects.
(5) Power (1 item)-which attempted to assess whether the negative findings from a study could be due to chance.
Answers were scored 0 or 1, except for one item in the Reporting subscale, which scored 0 to 2 and the single item on power, which was scored 0 to 5. The total maximum score was therefore 31. Most (23) of the questions could be asked of any analytical study of any health care intervention. Three questions, however, were inevitably topic sensitive and had to be customised by providing the raters with information on: known confounders; main outcomes; and the sample size required for a clinically and statistically significant (p<0.05) result.
TESTING OF PILOT VERSION
Two senior epidemiologists and a medical statistician were asked to comment on the face and content validity of the checklist after which some modifications were made. Two raters, both of whom were non-medical research fellows with Masters degrees in epidemiology and who had not been involved in the development of the checklist, were asked to assess 10 randomised controlled trials and 10 non-randomised trials/prospective cohort studies selected at random from a group of 11 randomised controlled trials and 20 cohort studies identified during a systematic review of surgery for stress incontinence. 3 Authors' identity, institutional aYliations, and journal identity were removed. Four of the papers were translations from German and one from Spanish. The raters were given guidance with regard to the interpretation of items included in the checklist before reviewing the papers.
Inter-rater reliability was assessed as was test-retest reliability, by both raters repeating the exercise after two weeks. Criterion validity was assessed by comparing the Quality Index (total score) with the total score obtained using an existing validated checklist, 15 though inevitably this was restricted to the randomised controlled trials. The level of association was assessed by means of Spearman correlation coeYcients and the level of agreement by means of the statistic. 16 Inter-rater reliability (including all 26 items) was only modest (correlation coeYcient, r=0.47; 0.42) and this was true both for randomised controlled trials (r 0.43; 0.39) and non-randomised studies (r 0.50; 0.46). Some reasons for this became apparent both by considering individual items and during feedback on the face validity of the checklist. Test-retest reliability was fair for both raters (rater A: r 0.68, 0.66; rater B: r 0.64, 0.64) as was the criterion validity (r 0.78, 0.61).
DEVELOPMENT OF REVISED VERSION
Given the less than satisfactory psychometric properties of the pilot version, a new version was produced (appendix). Any items for which the answers would be the same for most papers were removed as such items contribute nothing to the discriminant properties of the checklist. All items were kept as short as possible.
The revised version incorporated an extra item in the Reporting sub-scale. In addition, a global item was included at the end of the checklist, which asked the raters to give the paper a Global Score out of 10, to see how the Quality Index score compared with the raters' overall impression of the quality of a paper.
TESTING OF THE REVISED VERSION
A new rater, a non-medical research fellow with a Masters degree in epidemiology, who had not been involved in the development of the checklist was engaged to review the same selection of papers. The rater was given guidance with regard to the interpretation of questions before reviewing the papers. The following psychometric properties of the checklist were assessed 17 :
(1) Internal consistency was tested using the Kuder-Richardson formula 20 (KR-20) as all but two items employed a dichotomous response. 18 The internal consistency of the rater's assessments was studied both for all the papers and for randomised and nonrandomised studies separately. The internal consistency of four of the five sub-scales (power was based on only one item) was also assessed.
(2) Test-retest reliability was assessed by asking the rater to repeat her assessment of each paper after a two week interval. 19 Association and agreement of the Quality Index scores, sub-scales, and individual items were investigated using Spearman correlation coeYcients (as the data were not normally distributed) and statistics. To assess statistical significance, sign rank tests that took into account the paired nature of the data were used to compare the distribution of scores for the Quality Index and each sub-scale.
(3) Inter-rater reliability was assessed by comparing the primary rater's assessment with ratings obtained from a second rater (a medical graduate with a Masters degree in epidemiology). Association and agreement were tested for in the same way as for test-retest reliability.
(4) Criterion validity of the checklist when used with randomised controlled trials was assessed by comparing the total scores with those obtained using another checklist (the SRTG 15 ) designed exclusively for randomised controlled trials, which comprised 32 items. Correlation of the Quality Index score with the Global Score provided another view of criterion validity (both for randomised controlled trials and cohort studies).
(5) Respondent burden was assessed in terms of the time required for assessing each paper and the raters' views of the level of knowledge required.
Results
CRUDE SUMMARY DATA
The mean (SD) Quality Index Score for randomised controlled trials was 14.0 ((6.39); skewness −0.07) and for non-randomised studies 11.7 ((SD) 4.64; skewness −1.10). Table 1 shows the mean scores and range of scores for each sub-scale.
INTERNAL CONSISTENCY (KR-20)
The internal consistency of the Quality Index was high (KR-20: 0.89) both for randomised and non-randomised studies (table 2) . Three of the four sub-scales showed adequate internal consistency. The exception was external validity (KR-20: 0.54), which arose partly from the small number of items making up the sub-scale and partly because of its poor performance with non-randomised studies (KR-20: 0.15).
A sub-scale that combined internal (bias and confounding) and external validity was also investigated. This displayed reasonably high internal consistency both for randomised and non-randomised studies (KR-20 = 0.72).
TEST-RETEST RELIABILITY
The test-retest reliability of the Quality Index was high (r = 0.88) (table 3). The reliability of the sub-scales varied from high (bias) to low (external validity). The sign rank test showed no diVerence in the distributions of scores for the Quality Index and its sub-scales, except for "confounding" when both randomised controlled trials and cohort studies were tested together. To investigate the performance of the sub-scales, the level of agreement for each item was considered (table 4). Only one of the 10 items making up the Reporting sub-scale (item 9) showed poor agreement ( = −0.18) and only one of the six items comprising the Confounding sub-scale (item 26; = 0.27). In contrast, three of the seven Bias items were poor (item 14, 0.22; item 17, 0.06; item 19, −0.05) as were two of the three items for External validity (item 12, −0.05; item 13, 0.00).
INTER-RATER RELIABILITY
The inter-rater reliability of the Quality Index was good (r = 0.75) (table 5). The reliability of the sub-scales varied from good (bias) to poor (external validity). The sign rank test showed no diVerence in the distributions of scores for the Quality Index and its sub-scales. There was For comparative purposes, the inter-rater reliability of an established checklist 15 for assessing randomised controlled trials was also measured (table 5). The reliability of the overall score of the SRTG's instrument was similar to that obtained for the new Quality Index. The proportion of SRTG's items with poor agreement ( scores of less than 0.2) was 41% (13 of 32) compared with 42% (11 of 26) for our new checklist.
CRITERION VALIDITY
The Quality Index score correlated highly (0.90) with the score obtained using the instrument of the SRTG (randomised controlled trials only) and with the Global Score (randomised controlled trials + non-randomised studies, 0.89; randomised controlled trials, 0.88; non-randomised studies, 0.86). It should be noted, however, that the reviewer assigned a global score after completing the checklist of 27 items so a high correlation would be expected. RESPONDENT 
BURDEN
Both raters took 20 to 25 minutes on average to assess each paper, with a range from 10 to 45 minutes. Not surprisingly, shorter papers took less time than longer ones and the time decreased with increasing familiarity with the topic (stress incontinence surgery) and with the checklist. Both raters felt able to rate the methodological aspects of the studies, though one felt that his lack of knowledge of the topic impaired his performance.
Generally, the raters found the checklist clear with no obvious redundancy of items. Their principal diYculties stemmed from a lack of suYcient definition of some items. For example, "Are the characteristics of the patients included in the study clearly described?" did not make explicit which characteristics ought to have been described. A similar problem arose with the item "Are the interventions of interest described?".
Discussion
This study has shown that it is feasible to develop a checklist that can be used to assess the methodological quality not only of randomised controlled trials but also nonrandomised studies. It has also shown that it is possible to produce a checklist that provides a profile of the paper, alerting reviewers to its particular methodological strengths and weaknesses. The performance of the checklist we developed improved considerably after revision of a pilot version. The Quality Index had high internal consistency, good test-retest and interrater reliability, and good face and criterion validity. Its performance with randomised controlled trials was as good as another established checklist. 15 There was little diVerence between its performance with non-randomised and with randomised studies.
The remaining principal area of concern is the assessment of external validity, an aspect that has been ignored in all checklists for randomised controlled trials. There are three possible reasons for the poor reliability of the external validity sub-scale. Firstly, it is made up of only three items (compared with 6-10 for the other sub-scales). Secondly, the construction of the three questions may have been so poor that their meaning was unclear. And thirdly, the raters may have been particularly poor at interpreting the questions correctly. While further revision of the wording of these items needs to be considered, the last explanation seems the most probable reason for the poor results. Despite all four raters having studied epidemiology to Masters level, their recently completed course concentrated on aetiological applications of methods rather than health care evaluation, and thus paid little or no attention to the issue of external validity. This is a methodological aspect that epidemiologists have traditionally ignored in the belief that it is of little importance. While this may be true for aetiological research, there is evidence that the issue of external validity is of importance in health care evaluation. [20] [21] [22] [23] It may be an important issue for clinicians trying to interpret the applicability of the results of published studies as they want to know if the procedures, hospital characteristics, and patient sample is relevant to their practice. Therefore inclusion of information relating to external validity may have implications for change in clinical practice. Further development of a checklist should include not only a review of the number and wording of the items making up the external validity sub-scale but also the training of reviewers in identifying the relevant information in studies being assessed.
Further development of the checklist should not be confined to the external validity sub-scale. The reliability of some other items (9,14,17,19,26) was poor and these warrant further attention. While greater internal consistency of the sub-scales can be obtained by increasing the number of items, another objective is to minimise respondent burden. A shorter scale could be achieved by the use of factor analysis. In addition, the value of a single Global Score needs to be tested by reviewers making such an assessment before rather than after using the 27 item checklist.
Another methodological issue that requires further investigation is that of weighting. On the basis of current knowledge, we suggest assigning equal weighting to each of the five dimensions. This is based more on the lack of evidence to prioritise one dimension over another rather than on any evidence to suggest each dimension was of the same importance. There are several ways forward. The simplest would be a sensitivity analysis in which the eVect of adopting diVerent weightings on the rating and ranking of studies could be observed. A more theoretical approach would entail some form of consensus development among experienced health care epidemiologists in which their views of the relative importance of the five dimensions were considered. Ultimately we need greater knowledge and understanding of the actual impact each dimension has on the eVect size of the intervention being studied. Little work of this type has been done so far, though some has recently been reported 24 and more is underway.
This feasibility study made use of only two raters when testing versions of the checklist and the retest for intra-rater reliability was conducted only two weeks after the initial test. Clearly, more rigorous testing with larger numbers of reviewers and a longer period before retesting will be required before the routine use of a version can be encouraged. In addition, it would be of interest to see whether or not familiarity with the clinical aspects of the studies being assessed made any diVerence to the performance of the checklist. Similarly, the method needs to be applied to other subjects as well as using raters with diVerent levels of epidemiological skill and experience.
Meanwhile, we believe that we have shown that it is feasible to assess the quality of non-randomised studies and that such assessments can be made with the same checklist as is used for randomised studies. While further methodological work is done to improve the checklist in the ways outlined above, we would encourage people to use the existing version rather than either ignoring non-randomised studies or using them but ignoring their methodological quality.
x Evaluation of many areas of health care require the use of non-randomised methods.
x While validated checklists for assessing the quality of randomised controlled trials exist, none exist for nonrandomised studies.
x Existing checklists for randomised controlled trials lack sub-scales and ignore the external validity (generalisability) of trials.
x It is feasible to develop a checklist for assessing both randomised and nonrandomised studies.
x Further development and testing of the checklist described is required.
Are the main outcomes to be measured clearly described in the Introduction or Methods section?
If the main outcomes are first mentioned in the Results section, the question should be answered no.
Are the characteristics of the patients included in the study clearly described ?
In cohort studies and trials, inclusion and/or exclusion criteria should be given. In case-control studies, a case-definition and the source for controls should be given.
Are the interventions of interest clearly described?
Treatments and placebo (where relevant) that are to be compared should be clearly described.
Are the distributions of principal confounders in each group of subjects to be compared clearly described?
A list of principal confounders is provided.
Are the main findings of the study clearly described?
Simple outcome data (including denominators and numerators) should be reported for all major findings so that the reader can check the major analyses and conclusions.
(This question does not cover statistical tests which are considered below).
Does the study provide estimates of the random variability in the data for the main outcomes?
In non normally distributed data the inter-quartile range of results should be reported. In normally distributed data the standard error, standard deviation or confidence intervals should be reported. If the distribution of the data is not described, it must be assumed that the estimates used were appropriate and the question should be answered yes. 
External validity
All the following criteria attempt to address the representativeness of the findings of the study and whether they may be generalised to the population from which the study subjects were derived.
11.
Were the subjects asked to participate in the study representative of the entire population from which they were recruited?
The study must identify the source population for patients and describe how the patients were selected. Patients would be representative if they comprised the entire source population, an unselected sample of consecutive patients, or a random sample. Random sampling is only feasible where a list of all members of the relevant For studies where the outcome measures are clearly described, the question should be answered yes. For studies which refer to other work or that demonstrates the outcome measures are accurate, the question should be answered as yes. All non-randomised studies should be answered no. If assignment was concealed from patients but not from staV, it should be answered no.
Was there adequate adjustment for confounding in the analyses from which the main findings were drawn?
This question should be answered no for trials if: the main conclusions of the study were based on analyses of treatment rather than intention to treat; the distribution of known confounders in the diVerent treatment groups was not described; or the distribution of known confounders diVered between the treatment groups but was not taken into account in the analyses. In nonrandomised studies if the eVect of the main confounders was not investigated or confounding was demonstrated but no adjustment was made in the final analyses the question should be answered as no.
Were losses of patients to follow-up taken into account?
If the numbers of patients lost to follow-up are not reported, the question should be answered as unable to determine. If the proportion lost to follow-up was too small to aVect the main findings, the question should be answered yes.
Power 27. Did the study have suYcient power to detect a clinically important eVect where the probability value for a diVerence being due to chance is less than 5%? Sample sizes have been calculated to detect a diVerence of x% and y%. 
